An 11-item questionnaire, the Breast Cancer and Heredity Knowledge Scale (BCHK), was developed to test general knowledge about breast cancer and hereditary breast cancer (HBC) among women at low to moderate risk of HBC. The BCHK measures knowledge about breast cancer incidence and prognosis, risk factors, screening, disease presentation and treatment, and HBC. Scale items were generated from focus group interviews, previously published breast cancer knowledge scales, and consulation with a multidisciplinary research team, including health professionals and women with breast cancer or a family history of breast cancer. A 27-item draft scale was tested on 36 breast clinic patients and 17 women from the general public. Results were used to develop the final 11-item scale. Development of the scale and its potential uses are discussed.
Introduction
Breast cancer is the most common cancer among North American women, who currently face approximately a 1 in 9 lifetime risk of the disease [1] . The recent cloning of two breast cancer susceptibility genes, BRCA1 and BRCA2, has now created the possibility of predictive genetic testing. The resulting media coverage has led many women with a family history of breast cancer to wonder whether they should be tested. Although as many as 20% of women have a family history of breast cancer [2] , BRCA1 and BRCA2 mutations appear to account for no more than 5% of all cases of the disease [3] . Thus, the majority of women with a family history of breast cancer do not possess BRCA1 or BRCA2 mutations, and do not face the estimated 85% lifetime risk of breast cancer [4] associated with these mutations.
Many women are seeking information about HBC from a variety of sources, including family physicians, television and print media, and the Internet. While women with very strong family histories of breast cancer are being referred to specialized familial breast cancer clinics and are receiving extensive counselling, it is not known whether women with less striking family histories, the majority of whom are not seen at these specialized clinics, are getting the information they need and coming away with an accurate understanding of their risk.
For this latter group of women, who are at low to moderate risk for HBC, genetic testing is currently not indicated, and, given the technical limitations, clinical uncertainties, and psychosocial risks of testing, it is not likely to become an option in the near future. Therefore, unlike women at high risk for HBC, who are eligible for genetic testing and need very specific details about the nature of testing and the interpretation and implications of test results, women at low to moderate risk need more general information about the role of hereditary risk relative to other risk factors, and the need for regular breast cancer screening for all women. The optimal means of educating this large and heterogeneous group of women is unknown and several models are currently under development by ourselves as well as others. As the majority of women with a family history of breast cancer fall into this lower risk group, any educational approaches will potentially affect large numbers of women, and therefore must be evaluated carefully. While a knowledge scale has been previously developed by the US National Institutes of Health Cancer Genetic Studies Consortium for women at high risk of HBC [5, 6] this scale is not suitable for the lower risk group. To address the need for an evaluative tool specific to the information needs of women at low to moderate risk of HBC, we have developed a brief, self-administered knowledge scale about breast cancer and heredity specifically for this group.
Method

Focus groups
In order to determine the information needs of women who are at low to moderate risk of HBC, we conducted a series of 4 focus groups: 1 group each of breast cancer survivors and relatives of breast cancer patients, and 2 groups of women from the general population, ages 23-46 and ages 45-65. The results of these focus group interviews indicated that many women had misconceptions about breast cancer or lacked knowledge in specific areas including risk factors, options (or lack of them) for primary and secondary prevention, symptoms, natural history, and treatment. Knowledge about genetics and HBC was generally poor.
Generation of draft scale for pilot testing
Based on the focus group results we felt that it was important to measure general knowledge about breast cancer, as well as specific knowledge about genetics and HBC. The BCHK was, therefore, designed to examine knowledge of four breast cancer subject areas: (i) incidence and risk factors; (ii) disease presentation and treatment; (iii) screening; and (iv) genetics.
Specific items were generated based on the anticipated information needs of women at low to moderate risk of breast cancer as determined by a review of the literature, including previously validated breast cancer knowledge scales, the focus group results, and consultation with individuals from medical oncology, surgical oncology, medical genetics, epidemiology, psychology, sociology, and bioethics, as well as breast cancer patients and their family members directly involved with this project.
Forty-six items were generated. Of these, 29 were selected by the multidisciplinary research team and pre-tested for readability, comprehensibility, and acceptibility on a convenience sample of 15 healthy women from a variety of non-medical professions. The resulting 27 item scale contained 6 items each on disease presentation and treatment, and screening, 7 items on incidence and risk factors, and 8 items on genetics. The scale was formatted as a series of statements to which respondents were asked to 'strongly agree', 'agree','disagree', or 'strongly disagree', with a middle category for 'unsure'.
Pilot test of draft scale
The 27 item draft scale (Table 1) was tested on a sample of 53 women, recruited from several breast clinics at the Toronto Sunnybrook Regional Cancer Centre (TSRCC) and from the University community, representing a range of ages and a range of knowledge levels about breast cancer. Women who were not fluent in English were excluded from participation, as were members of the University community who identified themselves as having 'special knowledge about breast cancer or genetics'. In addition, patients in the clinics were not approached for participation if they were identified by the clinic staff as particularly anxious at the time of their appointment or had recently received distressing news about their condition. Written consent was obtained for all study subjects; this research project was approved by the University of Toronto Human Subjects Review Committee, and by the Research Ethics Board at Sunnybrook Health Science Centre.
Participants completed the knowledge scale at the time of enrolment, and were then asked to comment on comprehensibility and acceptability of items. Participants subsequently completed the same scale 2-4 weeks later. A correct response to a statement, whether 'strongly agree' or 'strongly disagree', was assigned a value of 2. A less certain response of 'agree' or 'disagree' was assigned a value of 1. Incorrect responses were given a negative value, and 'unsure' response were assigned a value of 0.
Generation of final scale
Selection of items for the final scale was based on examination of qualitative comments about the items, endorsement, test-retest reliability, item-to-item correlations (factor analysis), and the need to maintain content validity. All statistical analyses were performed using the STATA R statistical/data analysis computer software.
Results
Subjects
Thirty-six of the subjects were women attending one of the breast clinics at the Toronto Sunnybrook Regional Cancer Centre for suspected breast disease (n = 8), counselling about HBC (n = 19), or follow-up of breast cancer (n = 5) or benign breast disease (n = 4). The remaining 17 subjects had no special interest in or knowledge about breast cancer, and included 8 hospital 
96 -endorsement high greatly increases their risk of getting breast cancer * Retained items; † inter-item correlation; ‡ from, or modified from [7] ; ‡ ‡ from, or modified from [15] administrators (non-medical departments), 8 graduate students (departments of philosophy or bioethics), and 1 retired secretary (non-medical).
Comprehensibility and acceptability
Thirty-three of the 53 respondents (72% of patients and 41% of non-patients) provided specific comments on the wording of the items. Almost half of the comments indicated general approval, such as: 'good questions' or 'easy to understand'. Twenty-three respondents had comments about wording and clarity of specific items. Two respondents noted that the questions would not be appropriate for individuals who were not fluent in English. In addition, 3 respondents criticized the use of the 'strongly agree' and 'strongly disagree' categories. None of the 53 respondents indicated that the scale was generally unclear or in any way distressing.
Frequency of endorsement
Endorsement of the items in the draft scale was highly variable, ranging from 6.0 to 100% correct, and from 0.0 to 69% unsure. Frequency of correct responses in the 'strongly' agree or disagree category ranged from 0.0 to 77.4%, while frequency of incorrect response in the 'strongly' agree or disagree category ranged from 0.0 to 9.4%.
Mean scores across all subjects for specific items ranged from −0.30 (for an item about survival rates) to 1.77 (for an item about the benefits of early detection) out of a possible 2. Mean total score across all items was 0.72. Total scores for each subject ranged from 0.22 to 1.48 out of a possible 2.0.
Reliability
Of the original 53 participants, 38 also completed the retest (72%). Test-retest reliability for the draft scale was 0.76. Mean total scores for participants completing both tests was 0.73 and 0.76 at test and retest, respectively.
Item to item correlation
Factor analysis was performed to determine the extent to which individual items were measuring unique aspects of the respondents' knowledge, and therefore the relative contribution of each item to the total scale. A number of items strongly correlated with several other items, and were dropped from the final scale. For example, the scores for an item about nipple discharge as a symptom of breast cancer correlated with the scores for several other items across different subject areas, and the scores for two of the genetics items correlated with the scores for other genetics items.
Final scale
The decision to retain or delete each item was based on a balancing of the various statistical and qualitative considerations (Table 1 ). The final scale contains 11 items. The items fall into 3 main subject areas: incidence and etiology (3 items), screening, disease presentation, and treatment (4 items), and genetics (4 items). The final scale contains two items slightly modified from the breast cancer knowledge scale developed by Vaeth [7] .
The mean knowledge level as assessed by the scores of the final 11 items was 0.40 (out of a possible 2.0) at enrolment, and 0.43 at retest. The correlation in scores between enrolment and retest was 0.81. The Flesch reading level [8] of the final BCHK is grade 8.2. The scale can be completed in less than 5 min.
Discussion
We have developed a knowledge scale (the BCHK) specifically for evaluation of knowledge among women at low to moderate risk of HBC. We feel that the information needs of women at low to moderate risk for hereditary breast cancer differ from the information needs of women who are at high risk. A number of scales have previously been developed to measure women's knowledge about breast cancer screening [9] , surgical options [10] , breast cancer risks, detection, and treatment [7, 11] , and genetic testing for HBC (NIH Cancer Genetics Consortium in [5, 6] ). None of the existing scales, however, includes items about both genetics and the other breast cancer subject areas. Furthermore, these scales each contain items that reflect the relatively detailed level of knowledge expected within specific populations, such as knowledge about side effects of treatment that would be particularly relevant to breast cancer patients, rather than the more general knowledge relevant to a well population.
The BCHK was developed to measure general knowledge about breast cancer, including incidence and prognosis, risk factors, screening, disease presentation, and treatment, as well as knowledge of HBC. Inclusion of content on general knowledge was considered important because the appreciation of genetic information about breast cancer requires some context, and our focus group results indicated that for many women this background knowledge is lacking.
During pilot testing of the draft scale, several study participants suggested alternatives to the choice of categories for response. One objection was to the use of a 5 point rather than a 3 point scale, and the other two comments suggested that the use of the words 'agree' and 'disagree' are inappropriate as those terms indicate opinion rather than fact. We had considered these same concerns early in the development of this scale. The 5 point scale was chosen to allow detection of different levels of certainty. The terms 'agree' and 'disagree' were chosen because other wording alternatives (2 questions: (i) true/false, (ii) how strong is your answer) were judged by the research team to be too cumbersome. Furthermore, we had received positive feedback from many of the participants at all stages in the development of this scale, and these terms were used successfully by one of us (VG) in a previous study [12] .
It is of interest to note that respondents correctly choose the 'strongly agree' or 'strongly disagree' on average 23.4% of the time, but only incorrectly choose the 'strongly' categories 2.1% of the time, suggesting self-awareness of gaps in knowledge, rather than the possession of strong misconceptions.
A number of qualitative and quantitative measures are used to guide scale development. Selection of the final 11 items of the BCHK was based on balancing the various statistical and qualitative measures. Several items were discarded bacause they were answered correctly by all or almost all of the respondents. One item about the prevalence of BRCA1 and 2 mutations was discarded because a majority of subjects (69%) had responded 'unsure'. A number of items were discarded because of concerns about clarity of the wording.
Content validity of a scale refers to the extent to which the scale covers the relevant subject areas [13] . The initial choice of subject areas, and of the specific items, was determined by consultation with a number of groups as described in the methods section. Maintenance of content validity for the 11 item final scale was part of the item selection process. The final items reflect the kind of information we feel is important to women at low to moderate risk of HBC: breast cancer incidence, prognosis and risk factors, screening, disease presentation and treatment, and genetics.
Although the draft scale contained 6 items relating to screening, only one of these items was retained in the final scale. Screening was emphasized in the draft scale because, given the lack of options for preventing breast cancer, early detection is an important focus for women at all levels of risk. Furthermore, many of the women in the focus groups lacked knowledge about this subject area. Four of the items were dropped, however, because of the high percentage of correct responses (ranging from 81-100%), suggesting a high degree of awareness about screening among the women in this study.
One explanation for the apparent difference between the focus groups and the participants in the pilot study in knowledge about screening, is that the items generated for the draft knowledge scale were very general and thus reflected the least challenging or most commonly known facts. As shown in Table 1 , the items that were dropped because of high scores referred very generally to the roles of early detection and mammography, whereas a more specific item about recommendations for mammography received a broader range of responses. This explanation is supported by Dolan et al. [14] , who found that while over 80% of women in their study were aware of the benefits of mammography for early detection of breast cancer, 55% incorrectly believed that screening mammography in healthy women should begin at 30-35 years of age.
Criterion validity is established by comparing scores to a previously validated scale (a 'gold standard'). Construct validity is determined by looking for correlations between scores and various factors that usually correlate with knowledge, such as education [13] . Criterion validity was not determined at this phase of the development of the BCHK because no comparable gold standard exists. Construct validity was not examined because the test population was too heterogenous to look for trends in the scores. Construct validity of the BCHK will be examined in a study currently underway with women scheduled for counselling at familial breast clinics. The scale's ability to detect changes in knowledge in response to educational interventions (sensitivity to change) will also be evaluated in this study.
Reliability of a scale can be examined in terms of test-test reliability and internal consistency. Testretest reliability examines the stability of the test over time. Test-retest reliability of the BCHK was high, at 0.81, with a very slight increase in average score between time 1 and time 2. The increase may reflect improved test performance with practice, or aquisition of information during the time between the two tests, possibly prompted by the test itself. Internal consistency examines the correlation between the score for each item and the total score. The internal consistency of the final scale, as measured by Cronbach's alpha, was low at 0.23. Although this low score might be considered problematic for scales measuring a single trait or content domain, a high alpha statistic cannot be expected for a multidimensional knowledge scale such as the BCHK. For example, women may know many facts about mammography, but may know virtually nothing about HBC or other risk factors. Knowledge of breast cancer treatment, risk factors, symptoms, and misconceptions about breast cancer have been previously shown by factor analysis to sort into separate domains that had only low to moderate correlations with one another [7] . It is likely that women in the general population who are obtaining their information from a variety of sources may learn about one or several aspects of breast cancer without improving their knowledge about other areas. Indeed, results from our focus group interviews indicated that such 'spotty' knowledge may be typical.
In conclusion, the BCHK is an 11 item selfadministered questionnaire designed to test general breast cancer and HBC knowledge of women who have a family history of cancer that is not highly suggestive of a hereditary cancer syndrome. Potential uses of this scale include identification of women who require education in these areas, and the evaluation of the effectiveness of counselling or educational materials designed for this group of women. It should be noted that this paper reports only the development of the BCHK. Until further evaluation has been completed, use of the scale should limited to well defined research studies. We welcome the use of the BCHK by other investigators.
